Antioxidants mimic the ability of chorionic gonadotropin to suppress apoptosis in the rabbit corpus luteum in vitro: a novel role for superoxide dismutase in regulating bax expression.
We have recently reported that members of the bcl-2 gene family are expressed and estradiol regulated in rabbit luteal cells during corpus luteum (CL) regression, and that estradiol and hCG are effective inhibitors of apoptosis in the rabbit CL in vivo and in vitro. As Bcl-2 and related proteins are known to regulate levels of reactive oxygen species or their intermediates in cells as one possible mechanism to control apoptosis, the present studies were designed to examine if oxidative stress plays a role in luteal cell apoptosis during CL regression in the rabbit. In the first set of experiments, healthy CL obtained from day 11 pseudopregnant rabbits were incubated in serum-free medium for 2 h in the absence or presence of superoxide dismutase (SOD; 1.5-150 U/ml), ascorbic acid (1-100 mM), N-acetyl-L-cysteine (25 and 50 mM), or catalase (10-1000 U/ml). Cells within CL incubated in medium alone exhibited extensive apoptosis (examined by analysis of extracted DNA using 3'-end labeling), and this onset of apoptosis was blocked in a dose-dependent fashion by treatment with SOD, ascorbic acid, N-acetyl-L-cysteine, or catalase. In the second set of experiments, expression of bax and bcl-x in CL after in vitro treatment without and with 100 U/ml SOD was examined. Although SOD treatment did not alter the levels of bcl-x messenger RNA (mRNA) over the 2-h incubation period, this antioxidant enzyme significantly reduced the levels of bax mRNA in incubated CL. In the final set of experiments, we observed that expression of mitochondrial- or manganese-containing SOD was significantly increased by treatment of isolated CL with 1 microg/ml hCG in vitro, whereas bax mRNA levels were significantly reduced under the same culture conditions. Collectively, these data indicate that the gonadotropin-mediated inhibition of apoptosis in rabbit luteal cells involves enhanced expression of the oxidative stress response gene, manganese-containing SOD, whose protein product may then function to protect luteal cells directly from the damaging effect of reactive oxygen species and/or indirectly by acutely down-regulating expression of Bax, a prooxidant member of the Bcl-2 protein family.